Background. -There is a lack of Tunisian data on the frequency and clinical significance of different coronary artery anomalies. Methods. -All patients who underwent coronary angiography from March 1996 to December 2006 were considered. Only patients with congenital anomalous aortic origin of the coronary artery were included. Results. -Among 7330 adult patients who underwent diagnostic coronary angiography, 20 (0.27%) patients (13 men; mean age 53.3 years) had anomalies of the coronary artery origin. The right coronary artery was the vessel involved most frequently (n = 10); it originated separately from the left sinus of Valsalva (SV) in three patients and from the posterior sinus of Valsalva in one patient. In the other patients, it arose from the left main coronary artery or its branches in a single coronary artery originating from the left sinus of Valsalva. Isolated anomalous left circumflex artery was the second most frequent anomaly (n = 6). Isolated anomalous left anterior descending artery was seen in one patient. A single coronary artery arising from the right SV was seen in three patients. Atheroslerotic lesions were seen in eight cases. Four patients underwent coronary revascularization; the remainder received medical management. All 20 patients are alive and had an uneventful follow-up (mean 34.2 months). * Corresponding author. Fax: +216 73 367 451. E-mail address: sanaouali@hotmail.fr (S. Ouali). Conclusions. -In Tunisia, the incidence of congenital anomalous aortic origin of the coronary artery in adults is 0.27%. The right coronary artery is involved most frequently. Medical management seems promising. © 2009 Elsevier Masson SAS. All rights reserved.
Introduction
The widespread application of coronary angiography has resulted in congenital coronary artery anomalies being identified more frequently and an improved understanding of the clinical significance of such anomalies. Although generally benign in character, some coronary artery anomalies are associated with more serious clinical outcomes, such as congestive heart failure, arrhythmia, myocardial infarction, syncope and sudden death.
Coronary artery anomalies may be abnormalities of the origin, course or structure of the epicardial coronary arteries. An anomalous origin of one or more coronary arteries is detected in about 0.16-1.3% of patients undergoing coronary angiography [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] . There is a lack of Tunisian data on the frequency of different coronary anomalies. In this report, we present our experience with primary coronary anomalies of aortic origin detected during routine coronary angiography.
Materials and methods
We reviewed the cardiac catheterization laboratory database. All patients who underwent coronary angiography in the cardiology department of Sahloul University Hospital (Sousse, Tunisia) between March 1996 and December 2006 were eligible for inclusion. Angiograms were reviewed by at least two experienced independent observers, who reached a consensus on the origin and course of the anomalous coronary arteries. We considered only major congenital anomalies of the coronary artery origin. Several minor anomalies were not considered. Only patients with anomalous aortic origins of the coronary arteries were included. Patients with anomalous pulmonary origins of the coronary arteries were excluded, as were those with coronary anomalies occurring as part of congenital heart disease and those with coronary artery fistulae. Other exclusion criteria were as follows:
• the coronary ostium above the sinotubular junction of the appropriate sinus of Valsalva; • the CXA and LAD originating from separate ostia in the LSV; • the RCA originating from the unusual site within the RSV;
• the RCA displaying separate ostia or proximal branches.
Results

Population
Among 7330 adult patients (mean age, 63.4 years [range, 17-87 years]; 2054 women) who underwent diagnostic coronary artery angiography, 20 (0.27%) patients (13 men, seven women) had major anomalies of aortic origin and distribution of the coronary arteries; the mean age of these patients was 53.3 years (range, 21-72 years). The clinical and angiographic characteristics of the patients are presented in Table 1 . A clinical history of acute myocardial infarction was found in five patients, of angina pectoris was found in 11 patients and of heart failure was found in four patients. The indication for angiography was the evaluation of coronary artery disease in all except three patients (cases 18 and 19 had dilated cardiomyopathy and case 20 had an indication for valve replacement).
Congenital coronary artery anomalies
The congenital coronary artery anomalies are summarized in Table 1 . Table 2 depicts the incidence of the different coronary artery anomalies in our angiographic population.
The RCA was the vessel involved most frequently (in 10 [50%] patients, with an angiographic incidence of 0.13%). This vessel originated separately from the LSV in three patients and from the posterior aortic sinus in one patient with separate orifices for the RCA and LMCA. In the other six patients, the RCA arose from the LMCA as a single coronary artery originating from the LSV (Fig. 1) . The RCA originated from the LMCA in four patients, from the LAD in one patient and from the left CXA in one patient. Final distribution was normal in all cases. The origin and distribution of the LMCAs were normal in all cases. The clinical presentation was acute myocardial infarction in three patients with a mild atherosclerotic lesion of the LAD in one patient.
Isolated anomalous left CXA was seen in six (30%) patients, with an angiographic incidence of 0.08%; the vessel originated from the PSV in one patient and from the RCA in five patients (Fig. 2) . In all of these cases, peripheral distribution of the left CXA was normal and the LAD originated from a separate ostium in the left sinus and had a normal distribution. The clinical presentation was acute myocardial infarction in the patient with an anomalous CXA arising from the PSV and dilated cardiomyopathy in one patient.
Isolated anomalous LAD was seen in one (5%) patient, with an angiographic incidence of 0.01%. The LAD originated from the proximal RCA with normal peripheral distribution. The left CXA originated from the left sinus through a separate ostium with normal peripheral distribution.
A single coronary artery arising from the RSV was seen in three (15%) patients with anomalous origin of both the LAD and the CXA (Fig. 3 ). The angiographic incidence was 0.04%. In one patient, the LAD arose from the distal CXA; the clinical presentation of this patient was pulmonary oedema. Only one patient had associated rheumatic aortic and mitral valve disease.
Atherosclerotic lesions
Atherosclerotic lesions were detected in eight patients with congenital coronary anomalies (overall incidence 40%); four of these patients had significant atherosclerotic disease in the anomalous vessel (Fig. 4) , while only normal arteries were involved in the coronary artery disease in the other four patients ( rotic lesions in an anomalous vessel. An anomalous RCA was involved in three cases. Five of the anomalous coronary artery cases were diagnosed during angiography performed after myocardial infarction; in four of these patients, no atherosclerotic lesions were detected in the coronary artery with abnormal localization.
Two patients underwent coronary artery bypass surgery and two underwent uncomplicated percutaneous stent placement for severe atherosclerotic coronary stenosis in either normal or anomalous coronary arteries. The remaining patients had medical management with prescription of beta blockers and angiotensin-converting enzyme inhibitors if possible. All 20 patients were alive at study end and had an uneventful follow-up (mean duration, 34.2 months).
Discussion
Anomalous origin of the coronary artery is a rare occurrence. Some retrospective angiographic studies have been published, assessing the incidence of different congenital coronary anomalies. To the best of our knowledge, this is the first report on the incidence of adult congenital anomalies of the coronary artery origin in North Africa. Worldwide incidence has been described previously.
We found an overall incidence of congenital anomalous aortic origin of the coronary artery of 0.27% among patients undergoing diagnostic coronary artery angiography; this is in agreement with the 0.16-1.3% incidence reported in other series [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] . As seen by Garg et al. [8] , more men than women had anomalous coronary arteries, possibly because more angiograms were done in male patients. However, we did not include patients with minor anomalies (as defined above) or congenital heart disease; such patients have been included in some studies [11, 16] and excluded in others [4, 8, 12, 13] . As seen in Table 3 , the highest and lowest incidences of anomalous coronary arteries were seen in North American [16] and Turkish [14] populations, respectively.
The anomaly that occurred most frequently in our series was anomalous origin of the RCA (50%); this anomaly has also been found to occur most frequently in Japanese [10] , Hispanic [13] and Indian [8] populations (79, 62 and 49%, respectively), and second most frequently in Spanish [3] and North American [16] populations (31 and 26%, respectively). It is evident, therefore, that the incidence of anomalous origin of the RCA among congenital coronary artery anomalies varies in different populations. This discrepancy may be explained by genetics and geography and may reflect the inevitable nature and bias of a retrospective study.
Aydinlar et al. [1] found that the LMCA was the vessel that was most frequently anomalous (48%), although other reports found that the left CXA was the vessel that was most frequently anomalous [4, 12, 17] .
Anomalous origin of the LMCA from the RSV as a single coronary artery is extremely rare without an associated congenital cardiac anomaly and has been reported to constitute 0.017% of angiographic series [16, [18] [19] [20] . We report three cases of absence of the LMCA, with the LAD, CXA and RCA arising from a single ostium in the RSV in two patients; in the remaining patient, the CXA and RCA arose from a single ostium, while the LAD arose from the distal CXA.
The most frequently occurring clinically significant anomaly is a coronary artery that originates from the contralateral aortic sinus (i.e. the LMCA or the LAD from the RSV, or the RCA from the LSV). In patients with a single coronary artery, sudden death has been reported to be associated with a major coronary artery coursing between the aorta and the main pulmonary artery [21] . Most (59%) patients with an anomalous LMCA arising from the right sinus die before the age of 20 years, usually during or shortly after vigorous exertion. No cases of sudden death or arrhythmia were seen in our study.
Sudden death may result from one or several mechanisms that compromise flow. Several episodes of brief ischaemia are probably needed to create a substrate for the catastrophic event [22] . Flow may be compromised by a slit-like coronary orifice [23] , kinking or torsion of the vessel [24] , or by frank compression of the anomalous vessel between the aorta and pulmonary artery [25] . Haemodynamic changes during exercise may exacerbate disturbances in flow; they do not appear to be associated with an increased risk of development of coronary atherosclerosis. In adults, ischaemia maybe also a consequence of atherosclerotic lesions within either normal or anomalous vessels.
Involvement of anomalous coronary arteries in atherosclerotic disease is at best controversial. Garg et al. [8] found that only 28% of their patients had evidence of atherosclerosis (significant stenosis of proximal vessel in 21% of patients), thus corroborating the findings of Topaz et al. [13] and Page et al. [26] . Our study is in agreement with others [8, 13] in that there is no predisposition for atherosclerotic involvement of the anomalous vessels.
From a clinical standpoint, we report five cases of acute myocardial infarction; in two of these patients there was a discrepancy between the anomalous vessel and the localization of the acute myocardial infarction and no atherosclerotic lesion of the coronary artery was found. As an ergonovine test was not done, coronary spasm could not be excluded. Possible explanations are an underlying ''coronary'' steal phenomenon through the abnormal vessel or microvascular damage.
Angiographers should be aware of anatomical variations if they are to make an accurate diagnosis and appropriate therapeutic decisions. The course of the coronary artery and its relationship with great vessels may not be identified by using only angiographic views; computed tomography or magnetic resonance imaging may be helpful in both adults and children [27] [28] [29] . Chen et al. [28] , found that computed tomography had good measurability for all coronary arteries and demonstrated its successful use for the quantification of coronary artery diameters in children. Recently, Srinivasan et al. [29] demonstrated that 64-slice multidetector row computed tomographic coronary angiography provided an accurate depiction of the anomalous vessel origin and course, and the complex anatomical relationship with adjacent structures; the authors consider computed tomography to be a first-line imaging method for delineating coronary artery anomalies.
Recently, anomalous coronary arteries originating from the contralateral aortic sinus and coursing between the pulmonary trunk and aorta have received much attention due to their association with sudden death [18, 19, 21, 22, 30] . However, there is still not a consensus on the management of anomalous coronary arteries originating from the contralateral aortic sinus.
Given the difficulty in assessing risk, the lack of consensus on the management of anomalous coronary arteries, the lack of long-term outcome data for surgical management and the risks of bypass grafting (notably graft occlusion), we propose medical management for our patients, comprising beta blockers and angiotensin-converting enzyme inhibitors. Only patients with atherosclerotic lesions are treated surgically or interventionally. They do not appear to be associated with an increased risk of developing coronary atherosclerosis. In adults, ischaemia results from a compromised flow through either the anomalous vessel or the atherosclerotic normal arteries.
In a recent review, Mirchandani and Phoon [31] highlighted the uncertainties regarding the surgical treatment of anomalous coronary arteries originating from a contralateral aortic sinus (known to be associated with a risk of sudden death) and the lack of evidence in terms of improvement of long-term outcomes. On the other hand, reports of apparently successful medical management are encouraging, although long-term follow-up and rigorous data are lacking. Both expectant management and beta blockade have been reported, with a follow-up duration of less than 2 years [32] [33] [34] . In our experience, all patients were treated with angiotensin-converting enzyme inhibitors and/or beta blockers and no sudden death was reported at 34-month follow-up.
Based on our experience, we believe that surgical intervention should be considered when there is no response to medical therapy, especially in patients with associated significant atherosclerotic lesions.
Conclusion
The incidence and pattern of primary coronary anomalies of aortic origin in our study seem to be similar to those in earlier reports. The anomalies do not appear to be associated with an increased risk of development of coronary atherosclerosis. Angiographic recognition of these vessels is important because of their clinical significance and importance in patients undergoing coronary angioplasty or cardiac surgery. Because of the risk of sudden cardiac death, close follow-up is necessary even if there are no symptoms, and medical treatment appears to be promising. An international registry that includes stringent definitions of precise coronary anatomy should lead to a clear consensus on the management of anomalous coronary arteries.
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